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Fourier transform infrared spectroscopy is used to estimate the secondary structure of bacteriorhodopsm dissolved in chloroform-methanol (1:l 
v/v). 0.1 M LiClO,. Curve-fitting of the deconvolved spectra in the amide I region shows that the total content of a-helices, reverse turns and/?-sheets 
are similar to the native state. However, the a,,-helices, which are the major helical class in native bacteriorhodopsin, are greatly decreased in the 
solubilized sample. Similarly, the reverse turns and the /?-sheets are strongly altered. 
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1. INTRODUCTION 
Bacteriorhodopsin, the unique protein present in the 
purple membrane patches of Halobacterium halobium, 
has been the subject of extensive structural studies in 
recent years [l-3]. To date, high-resolution three-di- 
mensional structures have only been obtained at a near- 
atomic resolution [3]. On the other hand, the very low 
mobility of the BR amino acids has made difficult the 
application of NMR techniques [4]. Two similar strate- 
gies have been reported to overcome this problem: (i) 
incorporation of bacteriorhodopsin into detergent 
micelles [5,6], and (ii) solubilization of bacteriorhodop- 
sin in organic solvents [7-lo]. In both cases, the major 
problem is that the bacteriorhodopsin conformation 
can be significantly altered by the medium, especially in 
the case of BR dissolved in organic solvents. It thus 
becomes desirable to obtain structural data from differ- 
ent techniques. 
estimations of the secondary structural classes [l l-151. 
We have recently applied an improved version of curve- 
fitting of the deconvoluted spectrum, to the estimation 
of the native bacteriorhodopsin secondary structure. 
Our results have shown the presence of about 63% a- 
helix, 16% reverse turns, 14% B-sheets and 5% unor- 
dered structures [161. 
In the present work, we use this FTIR method to 
estimate the secondary structure of bacteriorhodopsin 
dissolved in the chloroform/methanol/LiClO., solvent as 
used by Arseniev et al. [7]. Both NMR and CD studies 
have indicated a remarkable similarity of the a-helical 
content of bacteriorhodopsin in this solvent and in the 
native state [7,17]. 
2. MATERIALS AND METHODS 
Fourier-Transform infrared spectroscopy is one of 
the most powerful techniques to obtain information 
about the secondary structure of proteins, owing to the 
specific hydrogen bonding of the C=O and N-H groups 
for each kind of structure. However, the conformation- 
sensitive bands overlap, and thus several techniques 
have been developed in order to obtain quantitative 
Purple membrane was isolated from Halobacterium halobwn strain 
S9 as described [181 and was solubilized in chloroform/methanol (1: 1, 
v/v), 0.1 M LiClO, (organic medium) after lyophilization. For FTIR 
experiments, aliquots at a protein concentration of about 5 mg/ml 
were placed in 50 pm pathlength CaF, IR cells fitted with teflon 
spacers. IR spectra were acquired on a Mattson Polaris FTIR spec- 
trometer equipped with a MCT detector, working at an instrumental 
resolution of 1 cm-‘, as described in [16]. 
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Abbreviations: BR, bacteriorhodopsin; IR, infrared; FTIR, Fourier 
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The spectra were Fourier-derivated and self-deconvoluted using the 
programs developed by Moffatt et al. [19]. The signal-to-noise ratio 
in the spectra was greater than 2,000. Fourier derivatives were ob- 
tained using a breakpoint of 0.1. Fourier self-deconvolution was car- 
ried out using a Lorentzian line-shape, a full width at half height of 
14 cm-’ and a resolution enhancement factor of 2.7 (this value is less 
than log S/N, see Mantsch et al. [20]). Using these parameters we 
avoided the appearance of negative side lobes that are normally indic- 
ative of over-deconvolution. 
Curve-fitting was done as follows: Fourier self-deconvolution and 
derivation gave the number and position of the component bands. The 
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bandwidth and intensities were also estimated from the deconvoluted 
and derivated curves. These were the input parameters for an iterative 
curve-fitting that was performed to fit the bands with Gaussian line- 
shape, to the deconvoluted spectrum, using a Spectra Calc program 
(Galactic Inc.). The peak positions, heights and bandwidths were 
allowed to vary simultaneously until a good fit was achieved. The 
relative area of each band gave the corresponding secondary structure 
percentage. The amino-acid side-chain contributton [21] was not taken 
into account because its contribution to the spectrum is very weak [16]. 
The results shown represent the mean area and the standard deviation 
of four independent experiments. 
3. RESULTS AND DISCUSSION 
Fig. 1 (upper trace) shows the absorption spectrum 
of BR dissolved in chloroform/methanol (1: 1, v/v), 0.1 
M LiClO,, in the 1,800-1,500 cm-’ region. Unlike sam- 
ples dissolved in water, solvent subtraction is a straight- 
forward step, because the organic solvent does not have 
absorption bands in the amide I region. This spectrum 
shows few details, due to band overlapping. Further 
information can be obtained through Fourier deconvo- 
lution, which increases mathematically the band resolu- 
tion [l 11. Fig. 1 also shows the deconvoluted curve (bot- 
tom trace), which reveals additional peaks at the sides 
of the principal bands. In order to quantify the bands 
of the amide I region, a curve-fitting procedure over the 
deconvoluted spectrum was performed. Fig. 2 shows a 
representative curve-fitted result, and Table I lists the 
constituent bands with the mean area values and the 
standard deviations. Previous results from native purple 
membrane suspensions in water [16] are also included 
for comparison. Two major bands appear at 1,652 and 
1,658 cm-‘, which lie in a region characteristic of CX- 
helices, although unordered structures can also contrib- 
ute to the 1,652 cm-’ band [12]. The CI,, band of native 
BR, with a major component appearing at about 1,665 
cm-‘, is greatly decreased in BR solubilized in the or- 
0 4- 
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Fig. 1. Absorption (upper trace) and deconvoluted (lower trace) FTIR 
spectra of purple membrane dissolved in chloroform/methanol (1: 1, 
v/v), 0.1 M LiCIO,. Bacteriorhodopsin concentration, 2mg/ml; instru- 
mental resolution, 1 cm-‘. Absorption spectrum was obtained by co- 
adding 1,000 scans in blocks of 20 of the shuttle accessory, in order 
to mimmize the water vapour bands. Deconvolution was done using 
a bandwidth of 14 cm-’ and a resolution enhancement factor of 2.7 
ganic medium (Table I). Taking the 1,644 cm-’ band as 
due to 3,0 turns as in native BR [16] and the 1,665 cm-’ 
band as due to residual a,,-helix, the total percentage of 
the four a-helical bands plus unordered structures is 
75%. Assuming that the estimated 5% of unordered 
structures for the native purple membrane samples re- 
mains unchanged, the total a-helix appears to be about 
70%. This value is slightly higher than that obtained for 
the native bacteriorhodopsin using the same method 
(about 63%), and could represent a tendency to form 
higher proportions of a-helices in this medium. Thus, 
our results show that although the overall a-helical con- 
Table I 
Position, fractional areas and assignments of the amtde I bands of bacteriorhodopsin 
H,O” 
Freq.b % Area’ Assignment Freq.b % Area’ Assignment 
1.689 0.2 f 0.01 
1,683 3.1 + 0.1 
1,677 3.6 f 0.3 
1,670 3.5 f 0.4 
1,665 7.7 f 1.2 
1,658 18.1 f 1.2 
1,652 39.4 + 1.3 
1,644 9.7 +_ 0.6 
1,635 12.3 + 1.4 






ai + ai, 




1.689 3.1 + 0.7 
1,680 7.3 +_ 0.6 
1.673 5.4 f 0.4 
1.665 22.1 ? 0.8 
1,658 23.0 + 0.3 
1,650 11.2 + 0.2 
1,642 9.9 f 1.4 
1,634 9.1 f 0.7 
1,627 3.4 + 0.6 





ai + alI 
a + unordered 
3,” turns 
p+C=N 
a These values are included for comparative purposes, and are taken from [16]. b Frequency positions are expressed in cm-‘, and are rounded off 
to the nearest integer. ’ Mean relative areas calculated from four independent experiments. The standard deviation is also indicated. The relative 
area values are also affected by the methodological errors, due to the distortions caused by the deconvolution procedure [16]. In the present case. 
these methodological errors must be almost the same as in the case of native BR, because the band distributions are similar. As we use only the 
spectra for comparative purposes, the methodological errors are not considered. 
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Fig. 2. Deconvoluted spectrum of dissolved purple membrane in the 
amide I region, with the best-fitted individual component bands, 
Band-fitting was done as indicated in section 2. 
tent remains comparable, the a-helical classes are differ- 
ent from the native BR. 
The region below 1,640 cm-’ corresponds mainly to 
B-sheets, with a total content of about 15% (the undeter- 
mined C=N contribution must be subtracted from this 
percentage). As compared to the native protein, there 
are differences mainly in the band distribution. The 
region 1,700-l ,670 cm-‘, corresponding mainly to re- 
verse turns, appears to be strongly changed in compar- 
ison with the native purple membrane (Table I). Both 
the band frequencies and the amounts are at variance 
with the native values, indicating that important 
changes have occurred in the loop region. 
Our results indicate that transfer of bacteriorhodop- 
sin from the native lipid environment to the organic 
solvent causes two major changes in the secondary 
structure. One is an important decrease of the a,,-helices 
and its transformation into a normal cr,-helix. The other 
one is the presence of great alterations in the reverse 
turns. Additionally, another change corresponds to 
some alterations in the p-sheet structures. All these 
changes can be accounted for by the nature of the me- 
dium because the principal characteristics of the mem- 
brane bilayer are altered in the organic medium. Con- 
ceivably, the most comparable part corresponds to the 
bilayer interior; although more polar, the chloroform/ 
methanol mixture has similar properties as the lipid 
tails. Furthermore, it is likely that the lipid molecules 
that remain in solution are still interacting with BR 
a-helices. On the contrary, the membrane surface is 
totally absent in the organic medium. The effects of 
these changes on the BR secondary structure are diffi- 
cult to assess, but some hypotheses can be formulated. 
First, the surface structures must be affected, as our 
results seem to corroborate. Second, due to the hydro- 
phobic nature of the organic solvent, a helices can 
equally form, with similar boundaries as the native 
ones. Also, helix-helix interactions, which represent he 
second stage in the membrane protein oligomerization 
model [22], are allowed in the organic solvent. The dif- 
ferent helical classes found in the organic medium could 
be the consequence of differences in the solvent proper- 
ties, but they could also be due to the absence of the 
bilayer boundary formed by the lipid headgroupwater 
interface. In this latter case, the electric field created by 
the membrane surface potential could have a prepon- 
derant role in modulating the exact conformation of the 
transmembrane a-helices. Whether or not the native 
conformational characteristics like a,,-helices are essen- 
tial for the BR function remains to be elucidated. 
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